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BASIC-ABSTRACT: 

NOVELTY - The piston is formed with crystallization cast structure containing 
silicon with particle diameter 5-10 mu m, aluminum-nickel group and 
aluminum-nickel-copper crystals. The amount of potassium in the piston per 
Icc/ 100 g of aluminum is 0.01 pieces/cm2. 

DETAILED DESCRIPTION - The Al alloy piston contains 1 1-16 weight percent (wt.%) 
of Si, 0.5-2.0 wt.% of Mg, 3-7 wt.% of Cu, 3-7 wt;% of Ni, 0.2-1.5 wt.% of Fe, 
0.2-1.0 wt.% of Mn, 0.003-0. 15 wt.% of P, 0.002 or less wt.% of Ca. The amount 
of impurities is regulated to less than 0.2 wt.%. An INDEPENDENT CLAIM is also 
included for the manufacture of die cast piston. 

USE - For direct injection type internal combustion engines of vehicles. 

ADVANTAGE - Excels in fatigue strength at high temperature and antiwear quality 
due to the copper composition of potassium. 
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ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain a piston made of an aluminum alloy and 
excellent in high temp, characteristics and wear resistance by a die-casting 
method. 

SOLUTION: This piston made by die casting is the one having a compsn. contg. 
1 1 to 16% Si, 0.5 to 2.0% Mg, 3 to 7% Cu, 3 to 7% Ni, 0.2 to 1.5% Fe, 0.2 to 
1.0% Mn, 0.003 to 0.015% P and 8sle;0.002% Ca, in which the total content of 
other impurities is controlled to 86le;0.2%, in which primary crystal Si of 5 to 
10 8Bmu;m average particle size and Al-Ni and Al-Ni-Cu crystallized products of 
5 to 10 86mu;m average particle size are crystallized out in the cast structure, 
the amt. of gas to be occluded is 86le; 1 cc/ 100 g/Al, and KIO value expressing 
the average number of inclusions is 85le;0.01 pieces/cm2. Moreover, it often 
contains 0.01 to 0.3% Ti, 0.0001 to 0.03% B, 0.01 to 0.3% Cr, 0.01 to 0.3% Zr 
or the like. It is cast by force-feeding molten metal into die cavities in 
which atmosphere is controlled by evacuation and the subsequent blowing of 
ojQTgen. After the casting, heat treatment such as T5 and T6 may be executed 
thereto without generating blistering. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Less than [ calcium:0.002 % of the weight ] is included Si:l 1-16 % of the weight, Mg:0,5-2.0 % of the 
weight, Cu:3-7 % of the weight, nickel:3-7 % of the weight, Fe:0.2-1 .5 % of the weight, Mn:0.2- 1 .0 % of the weight, 
and P:0.003 to 0.015% of the weight. The remainder substantially with aluminum Other impurities had the presentation 
regulated by 0,2 or less % of the weight of total quantities, and the primary phase Si with a mean particle diameter of 5- 
10 micrometers, the aluminum-nickel system with a mean particle diameter of 5-10 micrometers, and the aluminum- 
nickel-Cu system crystallization object have crystallized to cast structure. KIO to which the amount of occluded gas 
expresses one cc / 100 g-aluminum or less, and the average number of inclusion A value is 2 0.01 pieces/cm. Piston 
made from die casting excellent in the fatigue-at-elevated-temperature reinforcement which is the following. 
[Claim 2] Furthermore, the piston made from die casting excellent in the fatigue-at-elevjated-temperature reinforcement 
containing at least one sort (Ti:0.01-0.3 % of the weight, B:0.0001 - 0.03 % of the weight, Cr:0.01-0.3 % of the weight, 
and Zr:0.01 -0.3 % of the weight) according to claim 1 . 

[Claim 3] The manufacture approach of the piston made from die casting excellent in the fatigue-at-elevated- 
temperature reinforcement characterized by pressing fit the aluminium alloy molten metal which has claim I or the 
presentation of 2 which carried out maintenance processing at 740-780 degrees C through degasifying and deslag 
processing in the cavity of the metal mold which carried out the controlled atmosphere by blowing oxygen by the 
pressure more than an atmospheric pressure after decompressing in degree of vacuum of lOOmb or less at the casting 
temperature of 650-740 degrees C. 

[Claim 4] The manufacture approach of the piston made from die casting excellent in the fatigue-at-elevated- 
temperature reinforcement according to claim 3 which performs aging treatment heated at 1 70-230 degrees C after 
casting for 1 to 10 hours. 

[Claim 5] The manufacture approach of the piston made from die casting excellent in the fatigue-at-elevated- 
temperature reinforcement according to claim 3 which performs solution treatment heated at 470-500 degrees C after 
casting for 1 to 10 hours, water quenching, and aging treatment subsequently to 170-230 degrees C heated for 1 to 10 
hours. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the piston made from die casting used for the internal combustion 

engines for vehicles etc., and its manufacture approach. 

[0002] 

[Description of the Prior Art] As a piston used for an internal combustion engine, in order to attain lightweight-ization, 
the piston made from aluminum which carried out the gravity casting method of the aluminium alloy AC8A (Si: 1 1 .0- 
13.0 % of the weight, Cu:0.8-L3 % of the weight, Mg:0.7-1.3 % of the weight, nickel:0.8-l .5 % of the weight) is used. 
It was enough, when there is thermal resistance also as demand characteristics and fatigue-at-elevated-temperaiurc 
reinforcement also cleared the set point in 250 degrees C. However, fuel consumption is raised without incomplete 
combustion, and with the direct injection mold engine from which high power is obtained, since a fuel is injected 
directly into the piston head, as compared with the conventional internal combustion engine, a piston is put to an 
elevated-temperature ambient atmosphere high about 100 degrees C. Elevated-temperature-ization of an ambient 
atmosphere does not stop at the engine which used the gasoline, but is in the same inclination also by the diesci power 
plant In coimection with it, the property, the reinforcement [ in / specifically / 350 degrees C ] of 100 or more MPas. 
and the fatigue-at-elevated-temperature reinforcement (xl07 cycle) of 60 or more MPas with which are satisfied of ai 
least 350 degrees C of the conventional set points are required, 

[0003] As a piston made from an aluminium alloy, various ingredients with which are satisfied of the elevated- 
temperature property in 350 degrees C are developed. For example, although the FRM ingredient which compound- 
ized the nano crystal ingredient which carried out super-rapid solidification, ceramic fiber, etc. is mentioned, all serve 
as a very expensive ingredient from on a process. Then, productivity is good and cheap die casting is desired. However, 
when based on die casting, it is involved in the aluminium alloy molten metal into which gas constituents, such as N2 
which remains to a metal mold cavity, and a steam, were poured, it becomes casting defects, such as a blowhole and 
porosity, and shifts to a product. A casting defect serves as an origin of blistering or a fatigue-at-elevated-temperature 
crack, and reduces the endurance of a piston. Moreover, inclusion may cause a fatigue-at-elevated-temperature crack. 
[0004] Gas constituents have a steam originating in the release agent applied to the metal mold inside, the lubricant 
applied to the plunger etc. out of the air which remains to the cavity. Although gas constituents are removable to some 
extent by the vacuum pressure die casting which carries out vacuum suction of the metal mold cavity in advance of 
press fit of an aluminium alloy, using the die-casting product, the casting defect of the mixing gas origin is still 
included as functional materials, such as a piston. Oxygen pressure die casting is known as what cancels the fault of 
vacuum pressure die casting (refer to JP,50-21 143,A), In order to permute the gas in a cavity by oxygen, oxygen is 
made full [ pressure die casting / oxygen ] of a cavity by the pressure more than an atmospheric pressure. Since the 
oxygen sent into the cavity blows off from the joint and inlet of metal mold, it is prevented that the open air invades 
into a cavity from the joint and inlet of metal mold. The sent-in oxygen reacts with a molten metal and is detailed 
aluminum 203. It becomes, distributes in a product and does not have a bad influence on a die-casting product. 
[0005] 

[Problem(s) to be Solved by the Invention] Also by sending oxygen into a cavity above an atmospheric pressure, ii is 
difficult to remove gas from a cavity completely. The residual of gas tends to be generated when a cavity has a 
complicated configuration. That is, in the metal mold for piston casting, since it is designed by the cavity of a 
complicated configuration, it is easy to produce **** to which oxygen is not supplied. In it remains without 
permuting gas, such as air and a steam, by oxygen, and residual gas is incorporated by the die-casting product and 
becomes the cause of generating a casting defect. Moreover, if T5 processing, T6 processing, etc. tend to be heat- 
treated for a die-casting product and it is going to raise a mechanical property, it will originate in the gas incorporated 
inside the product, and bulging will occur for the product after heat treatment. 



[O006] 

[Means for Solving the Problem] The amount of occluded gas is reduced sharply and it aims at obtaining the piston 
made from die casting which controls the casting defect and the inclusion of a gas reason used as the origin of fatigue 
breaking, and has the outstanding fatigue-at-elevated-temperature reinforcement by thinking out this invention that 
such a problem should be solved, adjusting the cavity of metal mold to the ambient atmosphere from which gas 
constituents were removed completely in advance of press fit of an aluminium-alloy mohen metal, and pressing fit the 
aluminium-alloy molten metal of the predetermined presentation by which maintenance processing was carried out. 
[0007] In order that the piston made from die casting of this invention may attain the purpose. Less than 
[ calcium:0,002 % of the weight ] is included Si:l 1-16 % of the weight, Mg:0.5-2.0 % of the weight, Cu:3-7 % ofihe 
weight, nickel:3-7 % of the weight, Fe:0.2-1.5 % of the weight, Mn:0.2-1.0 % of the weight, and P:0.003 to 0.01 5% of 
the weight. The remainder substantially with aluminum Other impurities had the presentation regulated by 0.2 or less % 
of the weight of total quantities, and the primary phase Si with a mean particle diameter of 5- 1 0 micrometers, the 
aluminum-nickel system with a mean particle diameter of 5-10 micrometers, and the aluminum-nickel-Cu system 
crystallization object have crystallized to cast structure. KIO value as which the amount of occluded gas expresses one 
cc / 100 g-aluminum or less, and the average number of inclusion is 2 0.01 pieces/cm. It is characterized by being the 
following. The aluminium alloy to be used can contain at least one sort (Ti:0.0 1-0.3 % of the weight, 8:0.0001 - 0.03 % 
of the weight, Cr:0.01-0.3 % of the weight, and Zr:0.01-0.3 % of the weight) further. 
[0008] This piston made from die casting is manufactured by blowing oxygen by the pressure more than an 
atmospheric pressure by pressing fit the aluminium alloy molten metal of the predetermined presentation which carried 
out maintenance processing at 740-780 degrees C through degasifying and deslag processing in the cavity of the metal 
mold which carried out the controlled atmosphere at the casting temperature of 650-740 degrees C, after decompressing 
in degree of vacuum of lOOmb or less. Reinforcement can also be raised after casting by solution-izing heated for 1 to 
10 hours at the T5 processing heated at 170-230 degrees C for 1 to 10 hours, or 470-500 degrees C, water quenching, 
and the T6 processing subsequently to 170-230 degrees C heated for 1 to 10 hours. 
[0009] 

[Function] if oxygen is blown by the pressure more than atmospheric pressure after decompressing the cavity of metal 
mold in degree of vacuum of lOOmb or less, the blown oxygen is markedly boiled as compared with the conventional 
oxygen pressure die casting, flows by the quick rate of flow, and even if it is the cavity of a complicated configuration, 
it will fiiUy spread to all the comers of a cavity. Therefore, a release agent, a steam of the lubricant origin, etc, adhering 
to a metal mold inside are fiiUy probed by the oxygen style. Thus, since an aluminium alloy molten metal is pressed 111 
in the cavity by which the interior of metal mold was defecated, the gas involved in the alloy molten metal filled with a 
cavity decreases sharply. Since the obtained die-casting product does not have casting defects resulting from gas 
entrainment, such as a blowhole and porosity, and inclusion is also controlled, the outstanding faligue-ai-elevated- 
temperature reinforcement is shovm. Fatigue-at-elevated-temperature reinforcement improves further with the 
crystallization object of an aluminum-nickel system or an aluminum-nickel-Cu system, since [ furthermore, ] it blisters 
at the time of heat treatment and there is no generating ~ T6 processing - Mg2 Si and CuA12 etc. need reinforcement 
can be given by making it deposit. For example, to the amounts of occluded gas of the piston manufactured by carrying 
out teeming to metal mold by the conventional gravity casting method being 0.2-1.0 cc / 100 g-aluminum, with the 
casting usually manufactured by pressure die casting, there are many amounts of occluded gas as 5-20 cc / 1 00 g- 
aluminum, and they are not suitable for pistons. On the other hand, since the amount of occluded gas becomes very low 
with 1 .0 cc / 100 g-aluminum or less, the piston made from die casting obtained by this invention method is usable as a 
piston. 

[0010] Hereafter, the component of the aluminium alloy used by this invention, a content, manufacture conditions, etc. 
are explained. 

Si: It is the alloy content which crystallizes as a primary phase Si 1 1 to 16% of the weight, and improves thermal 
resistance and abrasion resistance. Moreover, it is a component effective also when reducing coefficient of thermal 
expansion with Eutectic Si and improving the fluidity at the time of casting. Furthermore, by aging treatment, it 
deposits as Mg2 Si and mechanical strength is raised. Such effectiveness becomes remarkable with 1 1% of the weight 
or more of Si content. However, if Si of the excessive amount exceeding 16 % of the weight is contained, it will 
become easy to generate the big and rough primary phase Si leading to fatigue breaking. Moreover, it will be necessary 
to make casting temperature into an elevated temperature 730 degrees C or more. 

Mg: Deposit as Mg2 Si by aging treatment 0.5 to 2.0% of the weight, and it is the alloy content which raises 
mechanical strength, and the addition effectiveness of Mg becomes remarkable at 0.5 % of the weight or more. 
However, if Mg content exceeds 2.0 % of the weight, at the time of casting, big and rough Mg2 Si will crystallize and 
fatigue strength will deteriorate. On the other hand, in less than 0,5% of the weight of Mg content, there are few 
amounts of deposits of Mg2 Si by aging treatment, and reinforcement runs short. 



[001 1] the time of dissolving to a matrix Cu:three to 7% of the weight, and coexisting with nickel - aluminum3 nickel 
(Cu)2 etc. ~ it is the alloy content which serves as a detailed high-melting crystallization object, and improves high 
temperature strength and fatigue-at-elevated-temperature reinforcement. Moreover, the operation which raises material 
strength is also presented by crystallizing as aluminum2 Cu by aging treatment. When securing required high 
temperature strength, 3% of the weight or more of Cu content is required. However, if this content exceeds 7 % ol^ the 
weight, it will become easy to crystallize big and rough aluminum2 Cu to which elongation is reduced, 
nickel: nickel which dissolved to the matrix three to 7% of the weight is effective in high temperature strength, faiiguc- 
at-elevated-temperature reinforcement, and heat-resistant improvement, the cast structure by which a part for nickel noi 
dissolving is got with die casting - setting - a primary phase Si the same - aluminum3 nickeK aluminum3 nickel 2. 
and aluminums nickel (Cu)2 etc. - it crystallizes as an intermetallic compound and becomes a massive crystallization 
object. High temperature strength improves also with these stable intermetallic compounds at an elevated temperature, 
and abrasion resistance is improved. In order to secure required high temperature strength, in this invention, nickel 
content was set up to 3% of the weight or more. However, if nickel content exceeds 7 % of the weight, fatigue-at- 
elevated-temperature reinforcement will fall into a molten metal with aluminum3 nickel which it becomes easy to 
crystallize primary phase aluminum3 nickel, and grew big and rough. Moreover, it will be necessary to make casting 
temperature into an elevated temperature. 

[0012] Fe: While preventing printing to metal mold at the time of 0.2 - 1.5-% of the weight die casting, by crystallizing 
as various intermetallic compounds, it is the alloy content which raises high temperature strength, and the addition 
effectiveness of Fe becomes remarkable at 0.2 % of the weight or more. However, if Fe of the excessive amount 
exceeding 1.5 % of the weight is contained, the big and rough needlelike crystallization object of an aluminum-Fe 
system will generate, and fatigue-at-elevated-temperature reinforcement will be degraded, 

Mn: It is the alloy content which crystallizes massive as an intermetallic compound of an aluminum-Fe-Mn-Si system 
0.2 to 1.0% of the weight, and raises high temperature strength. Moreover, generation of the big and rough needle 
shape crystal of an aluminum-Fe system is also suppressed by Mn addition. Such an operation becomes remarkable 
with 0.2% of the weight or more of Mn content. However, if Mn content exceeds 1 .0 % of the weight, Mn system 
crystallization object will become big and rough, and fatigue-at-elevated-temperature reinforcement will be reduced on 
the contrary. 

[0013] A primary phase Si is made detailed P:0.003 to 0.01 5% of the weight, and generation of the big and rough 
primary phase Si to which fatigue-at-elevated-temperature reinforcement is reduced is controlled. Moreover, the 
operation which adjusts the size of Eutectic Si to average die length of 2-5 micrometers effective in abrasion resistance 
is presented. A detailed-ized operation of a primary phase Si becomes remarkable with 0.003% of the weight or more 
of P content. However, if P of the excessive amount exceeding 0.015 % of the weight is contained, fluidity nature will 
get worse. 

calcium: Worsen fluidity nature 0.002 or less % of the weight, and present the operation which makes Eutectic Si 
detailed too much. In this invention, since Eutectic Si is made to pay abrasion resistance, calcium content is lessened as 
much as possible so that Eutectic Si may not be made detailed too much. If calcium content exceeds 0.002 % of the 
weight, Eutectic Si will begin to be made detailed from calcium, and the inclination for abrasion resistance to fall will 
be seen. 

[0014] Ti: Ti, B, Cr, and Zr are components (0.01-0.3 % of the weight, 6:0.0001 - 0.03 % of the weight, Cr:0.01-0.3 % 
of the weight, and Zr:0.01-0.3 % of the weight) added if needed, and at least one or more sorts of its all are effective in 
improvement in abrasion resistance and high temperature strength. Ti and B make alpha-aluminum casting crystal grain 
detailed, and improve high temperature strength, and detailed-ized effectiveness becomes remarkable by 0.01% of the 
weight or more of Ti addition, and 0.0001% of the weight or more of B addition, however -- B addition exceeding Ti 
addition exceeding 0.3 % of the weight, or 0.03 % of the weight - TiA13 and TiB2 etc. - a big and rough intermetallic 
compound crystallizes and fatigue-at-elevated-temperature reinforcement is reduced. Cr: Although the detailed-ized 
effectiveness of casting crystal grain becomes remarkable at the improvement effectiveness wear-resistant at more than 
0.01 % of the weight, and more than Zr:0.01 % of the weight, in the excessive amount exceeding 0.3 % of the weight, 
all serve as a big and rough intermetallic compound, and reduce fatigue-at-elevated-temperature reinforcement. 
[0015] Other impurities: Impurities, such as Na, Sr, Sb, and Zn, mix in the aluminium alloy used by 0.2 or less % ol ihc 
weight this invention of total quantities froni a scrap metal etc. Since it is used as a piston which contacts a cylinder and 
slides in an elevated-temperature ambient atmosphere, it is important to manage so that the big and rough compound 
between oxide metallurgy groups harmful to fatigue-at-elevated-temperature reinforcement may not mix as much as 
possible into a product. Zn may cause [ of a casting crack ] generating. Few these points and impurities were so 
desirable that there were, and regulated impurities, such as Na, Sr, Sb, and Zn, to 0.2 or less % of the weight with the 
total quantity in this invention. 

[0016] After blowing N2, Ar gas, etc., carrying out degasifying processing of the aluminium alloy molten metal 



ingoted by the preparation predetermined presentation of a molten metal and supplying deslag flux, il holds 30 minuics 
or more preferably at 740-780 degrees C. The floatation of inclusion, such as an oxide, becomes less enough | the 
retention temperature which will become uneconomical in energy if retention temperature exceeds 780, and does not 
amount to 740 degrees C conversely ] as. As maintenance processing, when raising productivity, as for a casting 
furnace, it is desirable to use a special holding furnace. By maintenance processing, the intermetallic compound already 
produced in the raw material metal is fully melted by the molten metal, and the cause of a fatigue crack is removed 
beforehand. Floatation also of the furnace slag used as the origin of fatigue breaking is carried out by maintenance 
processing fironi a molten metal. 

[0017] Casting is presented with the aluminium alloy molten metal by which maintenance processing was carried out, 
when the temperature is lowered and it becomes 650-740 degrees C. If die casting is carried out at the temperature 
exceeding 740 degrees C, the life of metal mold will become short and it will become easy to produce printing of the 
molten metal to metal mold. Conversely, at the casting temperature of less than 650 degrees C, the fluidity of the 
molten metal pressed fit in metal mold gets worse, and it becomes easy to generate a casting defect thick [ poor ]. The 
time amount with a casting temperature of 650-740 degrees C which holds a molten metal at low temperature 
comparatively is so desirable that it is short. If the holding time at this time exceeds 30 minutes, intermetallic 
compounds, such as aluminums nickel, TiA13, TiB2, and Mg-Sb, will begin to crystallize in a molten metal. An 
intermetallic compound grows, and if it becomes a big and rough intermetallic compound and distributes in a product, 
it will become the cause of fatigue-at-elevated-temperature destruction. 

[0018] It precedes pressing fit in metal mold the aluminium alloy molten metal in which the melal mold cavity carried 
out controlled atmosphere maintenance processing, vacuum suction of the cavity is carried out, and, subsequenil\ 
oxygen is blown by the pressure more than atmospheric pressure. N2 which is in a cavity when a cavity is 
decompressed in degree of vacuum of lOOmb or less etc. - gas constituents decrease. In order to decompress to the 
degree of vacuum of lOOmb, it is desirable to fill up the joint of metal mold etc. with a sealant and to prevent invasion 
of the open air. Subsequently, the oxygen blown when oxygen was blown by the pressure more than an atmospheric 
pressure serves as a high-speed style, it spreads to all the corners of a cavity, and even if the steam originating in the 
lubricant applied to the release agent applied to the metal mold inside or the plunger is completely probed by the 
oxygen style and is in the cavity of a complicated configuration, it becomes an ambient atmosphere without air, a 
steam, etc. Since the cavity is maintained by the pressure more than atmospheric pressure at this time, invasion of the 
open air is suppressed. Since an aluminium alloy molten metal is pressed fit in the cavity by which the controlled 
atmosphere was carried out, in case an aluminium alloy molten metal carries out cooling coagulation within a cavity, 
harmflil gas components, such as air and a steam, are not involved in an aluminium alloy. Moreover, the oxygen in a 
cavity reacts with an aluminium alloy molten metal, and it is a resultant aluminum 203. In order to distribute to a 
matrix as a very fine particle, it does not have a bad influence on the die-casting product obtained. 
[0019] It becomes possible to lower the amount of occluded gas contained in a die-casting product to below one cc / 
lOOg-aluminum by such controlled atmosphere. Since the amount of occluded gas is reducing the obtained die-casting 
product sharply, when the conventional die-casting product is heat-treated, bulging generated on the product front face 
is not detected, but it can raise a mechanical strength by heat treatment of T5 processing, T6 processing, etc. Moreover, 
also when using it as a piston in the elevated-temperature ambient atmosphere, there is no expansion of occluded gas 
and smooth operation is attained over a long period of time. Furthermore, that there are extremely few amounts of 
occluded gas means that there are not a blowhole used as the origin of fatigue-at-elevated-temperature destruction, 
porosity, etc., and it can call it the ingredient suitable for the piston as which high temperature strength, latigue-ai- 
elevated-temperature reinforcement, and abrasion resistance are required also at this point. 
[0020] As for the aluminium alloy pressed fit in the cavity by which the cast structure controlled atmosphere was 
carried out, the piston made from die casting with very few amounts of occluded gas is obtained. And since mean 
particle diameter of the primary phase crystallization object of a primary phase Si, an aluminum-nickel system, and an 
aluminum-nickel-Cu system is made into the range of 5-10 micrometers by the quality governing, it is satisfied with an 
elevated-temperature ambient atmosphere of the abrasion resistance and high temperature strength which are required 
of the piston which contacts a cylinder and is operated. The primary phase crystallization object with which mean 
particle diameter exceeds 10 micrometers causes [ of fatigue-at-elevated-temperature destruction ] crack initiation, and 
runs short of abrasion resistance by the primary phase crystallization object with a mean particle diameter of less than 5 
micrometers. 

[0021] The average number of inclusion: It is 2 0.01 pieces/cm at KIO value. The inclusion originating in the foreign 
matter mixed from crystallization intermetallic compounds, such as an oxide film by oxides, such as aluminum, Na, 
calcium, Sr, and Mg, an aluminum-Si-Fe system, an aluminum-Ti system, a Ti-B system, and a Mg-Sb system, the big 
and rough intermetallic compound which cannot dissolve at the time of the metal dissolution, internal insulation, a took 
etc. is observed with a naked eye, a 10 time magnifier, by the cast structure obtained with die casting below. In order to 



give the fatigue strength demanded as a piston, big and rough inclusion is set within an observation visual field, and il 
is 2 0.01 pieces/cm. Stopping below is important. The average number of inclusion observes the fracture surface of the 
cast alloy ingredient with a magnifier 10 times, and is displayed with KIO value which converted the counted number 
into per unit area. On the occasion of measurement of the average number, the 2 fracture surface on either side is made 
into a piece, and 5-6 pieces are evaluated as one sample. At this invention, it is 2 the area of 25cm further. It considered 
as the data of one sample and the average number of inclusion was computed as the average of the data of seven 
samples. Thus, KIO calculated value is 2 0.01 pieces/cm. The elongation property and fatigue strength which were 
excellent in it being the following are given to an alloy ingredient. On the other hand, KIO value is 2 0.01 pieces/cm. 
When exceeding, the fatigue strength to need is not obtained. 

[0022] 0.01 piece/cm2 The following KIO values can be attained by the following approach. While slopping Na. 
calcium, Sr, Sb, Zn, Pb, Sn, Bi, etc. which are mixed at the time of alloy combination as much as possible by seleciion 
of a feed ingredient, floatation is carried out from a molten metal by making into furnace slag Na, calcium. Sr. Sb. Zn. 
Pb, Sn, Bi, etc. which have been mixed by carrying out elevated-temperature maintenance of the molten meial 30 
minutes or more preferably at 740-780 degrees C after the oxidation at the time of an ingot. If the slag which surfaced 
is removed from a molten metal, it will become very few aluminium alloy molten metals, such as Na. calcium. Sr. Sb. 
Zn, Pb, Sn, and Bi. Although Mg, aluminum, etc. serve as an oxide film and float on a molten metal front face, these 
oxide films are separated from a molten metal at the time of raking out the slag. Furthermore, Fe, Ti, Sb, etc. are FeAI3 
by shortening the low-temperature holding time at the time of casting. A system and TiA13 It controls growing up to be 
a big and rough crystallization object as a system and a Mg-Sb system compound. The inclusion originating in internal 
insulation or a tool is separated fi-om a molten metal by 740-780-degree C maintenance processing. 
[0023] the piston made from heat treatment die casting - T5 processing or T6 processing - Mg2 Si and CuA12 etc. - 
by making it deposit, reinforcement improves further. In T5 processing, a casting is heated at 170-230 degrees C for 1 
to 10 hours. By T6 processing, water quenching is carried out after the solution treatment of 470-500 degree-Cx 1-10 
hours, and aging treatment is carried out in 170-230 degree-Cx 1-10 hours. On the occasion of hardening, ordinary 
temperature -80 degree C water is used. If it separates fi-om this heat treatment condition, sufficient treatment effect 
will not be acquired or heat treatment cost will become high. Although processing cost becomes high since T6 
processing is accompanied by solution-ization, higher mechanical strength is obtained. Since the amount of occluded 
gas is stopped very low by the controlled atmosphere of a metal mold cavity, gas constituents expand with heating ai 
the time of heat treatment, and the casting heat-treated does not generate bulging. This point is just going to be differcni 
fi-om the conventional die-casting product greatly. Moreover, although reinforcement falls a little as long as the design 
value demanded is satisfied, aging treatment temperature is made high, distortion of the dimension by aging deposit is 
suppressed, and the stabilization processing which also lessens the amount of machining can also be adopted. The 
aging conditions in this case are set up in 230-350 degree-Cx 1 - 5 hours. This aging condition is usable also as aging 
conditions for T5 processing and T6 processing, if it takes into consideration that the maximum service temperature ol 
this invention piston is 350 degrees C. 
[0024] 

[Example] Rotation Rota to N2 Gas was made to blow off for 30 minutes, and degasifying processing of the aluminium 
alloy molten metal which carried out the quality governing was carried out. Subsequently, deslag processing was 
carried out using deslag flux, floatation of the inclusion was fiiUy carried out from the molten metal by holding for 45 
minutes at 750 degrees C, and the slag which is floating on the molten metal front face was removed. The prepared 
aluminium alloy molten metal Si: 12.6 % of the weight, Cu: 4.2 % of the weight, Mg: 1 .2 % of the weight, nickel: 4.5 
% of the weight, Fe: 0.51 % of the weight, Mn: 0.35 % of the weight, P: The remainder 0.007 % of the weight, 
calciumrO.OOl % of the weight, Ti:0.02 % of the weight, BrO.OOOl % of the weight, Cr:0.08 % of the weight, Zr:0.05 % 
of the weight, Na<0.001 % of the weight, Sr<0.001 % of the weight, Sb<0.001 % of the weight, and Zn:0.03% of the 
weight an impurity It removed and had the presentation of aluminum. 

[0025] When an aluminium alloy molten metal lowered the temperature at 660 degrees C, it cast to the die-casting die 
and the piston with an outer diameter [ of 84mm ] and a height of 72mm was manufactured with the configuration 
shown in drawing 1 . In addition, the release agent was applied to the inside of the metal mold heated at 200 degrees C 
in advance of casting, vacuum suction of the cavity was carried out in the amount of suction of 700mb/second, it 
decompressed in degree of vacuum of 75mb, and the controlled atmosphere was carried out by subsequently making 
oxygen blow and overflow by the pressure of 1200mb. Moreover, lubricant was applied also to the plunger which 
presses an aluminium alloy molten metal fit in a cavity. After the aluminium alloy cast by the cavity by which the 
controlled atmosphere was carried out carried out cooling coagulation, the casting was picked out for the piston which 
is a product from metal mold. While starting and carrying out component analysis of the obtained piece of a product 
blank test, it gazed at the microstructure and the number of the amount of occluded gas and inclusion was measured. 
Moreover, the mechanical property was investigated after performing T5 processing of 220 degree-Cx 6-hour healing 



to the product after casting, the amount of occluded gas ~ run ZURE - it measured by law. 
[0026] A notch is put in and fractured to the long thick plate with a height [ of 0.5cm ], and a die length of 5cm cut 
d.own from the cast piston in number measurement of inclusion. With a naked eye and a 10 time magnifier, per one 
sample The 10 O.ScmxScm fracture surface (2nd page). That is, the area of 2 is observed 25cm in total, it considers as 
the data of one sample, the number of inclusion is counted as the average of the data of seven samples, and it is the 
number of counts 1cm 2 KIO value was computed by converting. Inclusion was presenting the color tone with which 
the inclusion which most is an oxide system and is about 0.1 -3mm was tinged black. Results of an investigation are 
shown in Table 1. In addition, except casting in a gravity casting method for a comparison, without carrying out 
maintenance processing, after carrying out degasifying and deslag processing of the piston (example 1 of a comparison) 
manufactured under the same conditions, and the aluminium alloy molten metal dissolved at 780 degrees C, when il 
fell at 660 degrees C, it investigated similarly about the piston (example 2 of a comparison) cast and manufactured to 
the metal mold with which the controlled atmosphere of the cavity was carried out. 

[0027] Since the example 1 of a comparison was made from the aluminium alloy molten metal prepared under the same 
conditions, the number of inclusion was almost the same, but since it was manufactured by the gravity casting method a 
cooling rate is slow, the primary phase Si had the cast structure at mean particle diameter where the 16-micromcter and 
aluminum-nickel system and an aluminum-nickel-Cu system crystallization object are as big as 35 micrometers with 
mean particle diameter. The hot mechanical property was inferior for the big and rough crystallization object. However, 
there were few amounts of occluded gas a little than the example of this invention and the example 2 of a comparison 
which were manufactured by pressure die casting. In the example 2 of a comparison, since maintenance processing ol' 
inclusion which carries out floatation was not performed, much inclusion distributed for the obtained die-casting 
product. Moreover, although the amount of occluded gas was low, the mechanical property hot by the comparison with 
the example of this invention was inferior. On the other hand, in the example of this invention, inclusion had the 
organization which few crystallization objects of proper magnitude distributed. Although the amount of occluded gas 
was one sort of pressure die casting, it showed the almost same low value as the example 1 of a comparison 
manufactured by gravity casting, since it was such, it was markedly alike from the gravity casting method, and pressure 
die casting vdth high productivity showed that it could be enough used as a piston of the direct injection mold engine 
with which the tensile strength in 350 degrees C works in an elevated-temperature ambient atmosphere by setting 1 00 
or more MPas and fatigue-at-elevated-temperature reinforcement (xl07 cycle) to 60 or more MPas. 
[0028] 
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[0029] 

[Effect of the Invention] As explained above, since the amount of occluded gas is stopped very low in spite of being 
manufactured by pressure die casting, the piston made from die casting of this invention does not have casting defects 
used as the origin of fatigue breaking, such as a blowhole and porosity, and can also raise reinforcement by heal 
treatment without generating of bulging. Thus, since it can manufacture by the pressure die casting excellent in 
productivity, it is used for various internal combustion engines including the direct injection mold engine which works 



in an elevated-temperature ambient atmosphere, and the piston made from die casting excellent in high lemperalurc 
strength, fatigue-at-elevated-temperature reinforcement, and abrasion resistance is offered cheaply. 



[Translation done.] 



